Keywords: macrobenthic communities land-locked coastal lagoon ecological status long-term changes water framework directive a b s t r a c t Santo André is an enclosed brackish water coastal lagoon with temporary connections to the sea by a man-made channel. The exchange and mixture of saltwater and freshwater is irregular and the lagoon may show daily and seasonal fluctuations, but also long-term variation. Different benthic communities may be present along the annual cycle according to the magnitude of episodic freshwater and sea water inputs.
b s t r a c t
Santo André is an enclosed brackish water coastal lagoon with temporary connections to the sea by a man-made channel. The exchange and mixture of saltwater and freshwater is irregular and the lagoon may show daily and seasonal fluctuations, but also long-term variation. Different benthic communities may be present along the annual cycle according to the magnitude of episodic freshwater and sea water inputs.
In the last 30 years the communication with the sea has followed different regimes from year to year and, as a consequence, macrobenthic communities, assessed several times during the period before the opening to the sea, shifted from freshwater to marine affinities. Major differences were found between 1979 and 2010, with a preponderance of species with marine affinity, and the 1980s in which the organisms with freshwater affinity prevailed. Benthic communities are frequently used to assess aquatic environmental condition. Metrics used in the indices currently under discussion to assess ecological status of aquatic ecosystems within the scope of European Water Framework Directive were applied to Santo André data and the applicability of these metrics to assess quality in this coastal land-locked lagoon was discussed.
Ó 2012 Elsevier Ltd. All rights reserved.
Introduction
Coastal lagoons are important areas that provide provisioning, regulating and recreational services to coastal populations and have a high economic value (Costanza et al., 1997) . They have been widely used as harbours and areas for food supply. Nowadays these aquatic systems are mainly used for aquaculture and fisheries, industrial, recreational and leisure activities, but also represent important nursery areas and feeding grounds for many itinerant marine animals and bird communities.
In a typical lagoon, the exchange and mixture of saltwater and freshwater is irregular and the hydrography may show daily, seasonal and long-term fluctuations (Colombo, 1977) . Biological communities in coastal lagoons are largely influenced by freshwater inputs and by mixing and exchange processes with marine areas (Barnes, 1980 (Barnes, , 1987 Bamber et al., 1992) . Nevertheless, patterns of variation in these lagoons depend on their geographical location, climatic regimes, surrounding environment, internal biogeochemical cycles and degree of communication with the sea (Barnes, 1980) , which makes each lagoon as a unique system.
Coastal lagoons are particularly vulnerable to eutrophication, due to the restricted exchange with the adjacent sea and the consequent accumulation of nutrients exported by the river basin (Nowicki and Nixon, 1985; Taylor et al., 1995 Taylor et al., , 1999 . They are also small systems and are therefore easily disturbed both by natural processes and by pollution or adjacent urban and industrial development (Colombo, 1977; Serpa et al., 2007 and references therein) . The Environmental European Agency (EEA) designates such zones as physically sensitive areas (Newton et al., 2003) . In coastal land-locked lagoons, their accentuated natural sensitivity is the result of the intermittency of connection with the sea.
Santo Andre is an enclosed brackish water coastal lagoon (Portuguese SW coast). The structure and dynamics of benthic communities are mainly influenced by communication with the sea and the hydrological and meteorological conditions (Cancela da Fonseca, 1989) . In the last 30 years the communication with the sea has followed different regimes from year to year causing chemical and ecological fluctuations in the lagoon (Cancela da Fonseca, 1989; Cancela da Fonseca et al., 2001) . The marine renewal and the maintenance of brackish characteristics are essential to the secondary productivity of the system (Cancela da Fonseca, 1989; Bernardo, 1990) and to prevent eutrophication of the lagoon and a decrease in water quality.
The importance of Santo André Lagoon (SW Portugal) for nature conservation has been recognized over the last few years (Ramsar, Special Protected Areas, European Natura 2000), reason why it was classified as a Protected Area e Reserva Natural das Lagoas de Santo André e Sancha (Santo André and Sancha Lagoons Nature Reserve) (CEZH/RNLSAS, 2004) . It is also included in the transitional water systems considered for the implementation of the Water Framework Directive (WFD) (WFD, 2000/60/EC), but few studies have been conducted in this coastal lagoon since the 90s.
Benthic communities are one of the biological elements considered by the WFD to assess ecological quality status, since they have long been used to assess quality of aquatic ecosystems (Pearson and Rosenberg, 1978; Hilly et al., 1986; Dauer, 1993; Weisberg et al., 1997; Borja et al., 2003; Chainho et al., 2007) . However, their response to the highly variable and unpredictable conditions of transitional systems, including estuaries and lagoons, has been indicated as a major problem since it is difficult to separate between the effects of natural and anthropogenic stress (Elliott and Quintino, 2007) . Borja et al. (2011) tested the use of single metrics and multi-metric methods and concluded that uncertainty associated to the use of multi-metric indices might result on misclassification, recommending that the performance and sensitivity of different metrics should be tested.
The goal of the study was to investigate changes in macroinvertebrate communities of Santo André coastal lagoon across 30 years and to identify the major natural stressors driving those changes. Benthic invertebrate condition was assessed using metrics included in the multi-metric index proposed to evaluate ecological status in Portuguese transitional waters, to determine their efficiency in separating the effects of natural variability and changes in human induced stress.
Methods

Study area
Santo André lagoon is a shallow (average annual depth of about 1 m) land-locked coastal lagoonal system, with an area of 150e250 ha, which can double its surface during the winter period (Freitas et al., 1999) . Located on the southwest coast of Portugal (38 6 0 N, 8 48 0 W) (Fig. 1) , it connects periodically to the sea by a man-made channel, during approximately one month in MarcheApril and occasionally when sea water overpasses the sand barrier (usually during the AutumneWinter period). During periodic openings, low salinity water, organic matter and sediments are exported, an increase in salinity is observed and colonization by marine species occurs (Cancela da Fonseca, 1989) . During occasional openings, sea water entrance increases bottom salinity and haline stratification can be observed (Bernardo, 1990) . Lagoon connection with sea is naturally closed by the sea dynamics and progressively, salinity decreases, organic matter accumulates and summer dystrophies may occur .
The lagoon receives freshwater from a river basin of about 96 km 2 (Bernardo, 1990) . The annual shifting between an oligohaline and a polyhaline ecosystem is emphasized by the large variability of environmental and biological variables (Table 1) . Major human pressures in the Santo André lagoon watershed are agriculture runoff, livestock production (mainly pork production) and urban sewage discharges. In the last 30 years a reduction of human pressures was observed due to a decrease in livestock production and the construction of sewage treatment plants, though deficient treatment is still observed in the N and NE of the lagoon (CEZH/RNLSAS, 2004) . The establishment of Santo André and Sancha Lagoons Nature Reserve in 2000 contributed to improve conservation and management of the area. Fishing and recreation are the main economic activities in Santo André lagoon.
Data collection
Five locations were sampled ( Fig. 1) at Santo André lagoon in the years 1979, 1982e1985 and 2010, always before inlet opening (end of winter and early spring periods).
Sampled stations are representative of lagoon benthic habitat types, mainly characterized by a gradient of decreasing sediment grain size and salinity, from the inlet opening area towards the upstream area. ) 9 4 e438 Total organic matter in the sediment (%)
6.5e16.6
Samples were collected at each sampling station (3 spatial replicates at each station) using a Birg-Ekman or a van-Veen grab (0.05 m 2 ). Stations 2 and 3 were not sampled in 1979 and station 3 was not sampled in 1983. Additional grabs were collected for sediment grain size determination. Salinity, dissolved oxygen, pH and depth were measured in situ using a multiparametric probe.
Samples were fixed using 4% buffered formalin and later washed through a 1 mm mesh sieve and preserved in 70% ethanol. Specimens were sorted, identified to the lowest practical taxonomic level and counted. Sediment grain size composition was obtained according to Buller and McManus (1979) and classified with Shepard diagram (Buchanon and Kain, 1971) as sand, muddy sand/ sandy mud and mud.
A qualitative nominal classification ranging from 0 to 3 (0 ¼ none; 1 ¼ reduced 2 ¼ intermediate; 3 ¼ good) was attributed to the inlet opening of each year. Classifications for each year were based on the time, duration and intensity of the inlet opening in the previous year, which influences subsequent environmental conditions and the observed benthic community. Precipitation data was obtained from the nearest meteorological station (Grândola) (www.snirh.pt).
Data analyses
Spatial and temporal differences on the benthic invertebrate community were assessed using a Permutational Analysis of Variance (PERMANOVA) (Anderson, 2005) , with a two-way fixed-effect crossed design (Factors: sampling period (1979 (Factors: sampling period ( , 1982 (Factors: sampling period ( , 1983 (Factors: sampling period ( , 1985 and 2010) e Year; and sampling site e Station) (for sampling sites see Fig. 1 ). Replicate samples were log transformed (log X þ 1) and BrayeCurtis zero-adjust similarity coefficient was used as resemblance measure, due to replicates with zero observations (Clarke et al., 2006) . These procedures were performed using PRIMER Ò v6.
A Canonical Correspondence Analysis (CCA) (ter Braak, 1986) was performed to investigate temporal patterns of benthic invertebrate community (considering the different sampling sites in each year) and relate it with environmental variables. Environmental variables were selected through a manual forward selection using a Monte Carlo permutation test (p < 0.01). A global Monte Carlo permutation test was used to determine the significance (p < 0.01) of the first ordination axis and the sum of all canonical axes. CCA was carried out using Canoco v4.5 (Biometris Ò ).
Macrobenthic invertebrate community structure was analysed regarding density (N) (ind. m À2 ), taxonomic richness (number of taxa) (S), Margalef richness (d) (Margalef, 1969 ) and the ShannoneWiener diversity (H 0 -log 2 ) (Shannon and Weaver, 1963) . AMBI v4.1 (AZTI's Marine Biotic Index) (Borja et al., 2000) was also calculated based on the February 2010 updated species list available on the AMBI v4.1 program (http://ambi.azti.es). The default values for the reference conditions given by the AZTI application were used. Taxa not included in the AMBI classification list were assigned based on an equivalent score of the freshwater biotic index IBMWP (Iberian Bio-monitoring Working Party), whenever possible (Alba-Tercedor and Sánchez-Ortega, 1988; Alba-Tercedor et al., 2002; Medeiros et al., 2011 ) (Appendix A). Analyses of variance (one-way ANOVA) with Tukey's post hoc comparisons tests were used to assess temporal differences on the benthic community metrics, considering each sampling site as a replicate and using STATISTICA v10 software. Generalized linear modelling (GLM) was used to model the community structure parameters as a function of the environmental factors, considering all the replicates. GLM is a regression model less rigid than classical linear regression and may be applied to data that are not necessarily normally distributed (McCullagh and Nelder, 1989) . Community metrics (S, N, H 0 , d and AMBI) were modelled as a function of year, station, sediment type, opening, salinity, depth, dissolved oxygen and precipitation. pH was not included in these analyses due to some missing values. The goodness-of-fit of the models was assessed by comparing their relative contribution to total deviance explained. The model was fitted in R environment (R Development Core Team, 2005) using a Gamma distribution with a log-link function, adding the firstorder interactions whenever considered adequate. A significance level of 0.05 was retained for all test procedures.
Results
Environmental variables
Environmental parameters measured in the study area varied between years (Table 2) . Samples were collected before inlet opening and after the precipitation period, therefore the lagoon salinity was generally low due to winter freshwater inputs, with average values ranging from 1.8 in 1984 to 6.3 in 1982.
Community composition and abundance
A total of 42 taxa were identified in the Santo André lagoon and major taxonomic groups identified were Insecta (13 taxa), Polychaeta (6 taxa), Gastropoda (5 taxa), Bivalvia (5 taxa), Amphipoda (2 taxa) and Isopoda (2 taxa). Chironomidae was the most abundant taxon accounting for 26% of total abundance, followed by the amphipod Gammarus chevreuxi (20%), the isopod Lekanesphaera hookeri (13%), Oligochaeta (12%), Cerastoderma spp. (12%) and Abra segmentum (10%). Together, these taxa accounted for 94% of total abundance. These were also the most frequent taxa, since Chironomidae were observed in 86% of the samples, L. hookeri in 44%, G. chevreuxi in 39%, Oligochaeta in 34%, Hediste diversicolor in 32% and A. segmentum in 22%. The remaining species occurred in less than 20% of the samples.
Variations in community composition and structure
The PERMANOVA tests showed a high spatial-temporal variability (significant differences within each factor and significant interactions between the two factors) in the macrobenthic community of the study area (Table 3) . Pairwise comparisons revealed significant differences between all years and sampling stations (p < 0.05), except between stations 1 and 4 and between stations 4 and 5. CCA revealed that the degree of inlet opening, salinity, depth, dissolved oxygen and precipitation (rain) were the environmental variables that best explained the variability of biological communities of the Santo André lagoon along the studied years (Fig. 2) . The first two axes of the CCA ordination explained 14.3% of taxa temporal variability and 49.3% of the relationship between their density and the selected environmental variables. The global permutation tests showed that the relations between taxa abundance and environmental variables for the first canonical axis (Fratio ¼ 7.127) and for the sum of all canonical axes (F-ratio ¼ 3.347) are statistically significant (p < 0.01).
CCA ordination showed four major different groups based on the benthic community patterns, mainly associated with different years (Fig. 2) . Group I (GI) includes Cerastoderma spp., Scrobicularia plana, Abra segmentum, and Hediste diversicolor among others and it is related to a better inlet opening and higher values of dissolved oxygen, depth and precipitation, and is mostly associated with the 2010 samples. Group II (GII) includes Potamopyrgus antipodarum, Lekanesphaera hookeri and several insect species, mainly collected in 1982, 1983 and 1985, associated to higher salinities. A third group (Group III e GIII) consists mainly of samples collected in 1984, characterized by higher abundance of insect species and associated to lower salinities. These two groups seem to be inversely related to the degree of inlet opening, dissolved oxygen, depth and precipitation. Group IV (GIV) includes samples characterized by the abundance of Cyathura carinata, Hydrobia ulvae and Mytilus galloprovincialis (GIV) and, although being favoured by the same environmental characteristics as GI, is associated to the higher salinity values registered in 1979.
In spite of being abundant in all the studied period, Chironomidae and Gammarus chevreuxi showed a higher affinity with the 1980s samples, characterized by a lower water renewal of the lagoon during those years, while Oligochaeta were more characteristic in 2010 samples. All these taxa were less abundant in 1979.
Community structure measures presented high temporal variation and were significantly different between the studied years, though showing similar trends, with lower values in 1979 and 1980s, and higher values in 2010 ( Fig. 3 and Table 4 ). GLMs showed that depth and sediment type were the most important explanatory variables for taxa richness and density, and these models explained 6% and 13.5% of the deviance, respectively (Table 5) . Highest values of these metrics were observed with increasing depth and presence of sand. Depth was also the best explanatory variable for ShannoneWiener and Margalef indices trends (1.45% and 2.22% of deviance explained, respectively), which showed higher values with increasing depth (Table 5 ).
In the Santo André lagoon AMBI mean values ranged from 1.97 (1983) to 3. 82 (1979) (Fig. 3) , indicating that benthic community health ranged from unbalanced (1982e1985) to transitional to pollution (1979 and 2010) . In 1979 and 1985 the lagoon benthic community classification ranged from unbalanced to heavily polluted (different sampling stations), reflecting the variability of faunal composition in those years, regarding their sensibility to disturbance/pollution. During the studied period lagoon faunal composition was dominated by tolerant species (Chironomidae, Lekanesphaera hookeri and Abra segmentum), and in 2010 an increase of first-order opportunistic species (e.g. Oligochaeta) was observed. Precipitation was the best explanatory variable for the AMBI index trends (9.9% of variance explained), since the index increased with higher precipitation (Table 5 ).
Discussion
Santo André lagoon is artificially connected with the sea once a year in late winter/spring, for a short period of about one month. In the past 30 years inlet opening varied from absence to full connection, mainly due to administrative problems. The connection with the sea had major influence on the environmental conditions of the lagoon, and its regime in the 1980s lead to an eutrophication of the lagoon. Lower dissolved oxygen values occurred in those years, when compared to 2010, when a good inlet opening Ant e Anthomyidae; Biv e Bivalvia; Cer e Cerastoderma spp.; Cha e Chaoborus sp; Chi e Chironomidae; Chr e Chrysomelidae; Coe_l e Coenagrion lindeni; Coe_p e Coenagrion pulchellum; Col e Collembola; Con e Conopeum seurati; Cor e Cordylophora caspia; Cya e Cyathura carinata; Cyp e Cyprideis littoralis; Das e Dasyhelea sp.; Des e Desdemona ornata; Fre e Fredericella sultana; Gam e Gammarus chevreuxi; Gas e Gastropoda; Hed e Hediste diversicolor; Hyd_u e Hydrobia ulvae; Hyd_v e Hydrobia ventrosa; Isc e Ischnura graellsi; Lek e Lekanesphaera hookeri; Lim e Limoniidae; Myt e Mytilus galloprovincialis; Nau e Naucoris maculatus; Nem e Nemertea; Pot e Potamopyrgus antipodarum; Psy e Psychodidae; Scr e Scrobicularia plana; Tal e Talorchestia deshayesii; Ten e Tenella palida; Oli e Oligochaeta; Ily e Ilyocoris cimicoides. Dep e depth; DO e dissolved oxygen; Op e inlet opening; Rain e cumulative precipitation of hydrologic year; Sal e salinity.
occurred. Eutrophication processes in Santo André lagoon are well documented (Cancela da Fonseca, 1989; Bernardo, 1990; Cancela da Fonseca et al., 2001 ) and the annual renewal of the lagoonal environment, promoted by the connection with the sea, plays a major role to prevent Santo André lagoon from turning into an eutrophic freshwater pond and ensures the maintenance of its brackish characteristics (Cancela da Fonseca et al., 2001 ).
The annual dynamics of water renewal in Santo André lagoon and the inherent year-to-year variability of physical conditions in lagoons (Barnes, 1980; Desmond et al., 2002) lead to a high temporal variability in biological communities (phytoplankton community e Duarte et al., 2006 ; Ruppia cirrhosa e Calado and Duarte, 2000; benthic community, as it was found in this study). Benthic community sampled in the present study consisted of 42 taxa, most of which are typical of these lagoonal systems (e.g. Abra segmentum, Cerastoderma spp., Gammarus chevreuxi, Chironomidae, Lekanesphaera hookeri, Hediste diversicolor) (Muus, 1967; Barnes, 1980; Guelorget and Perthuisot, 1983) , with a wide range of distribution, from the Atlantic to the Mediterranean and Ionian Sea (Bachelet et al., 2000; Koutsoubas et al., 2000; Mistri et al., 2000 Mistri et al., , 2001 ) and also present in other Portuguese lagoons (Quintino and Rodrigues, 1989; Cunha and Moreira, 1993; Cancela da Fonseca et al., 1999; Costa et al., 2003; Gamito, 2008; Carvalho et al., 2011) , emphasizing their resilience, and ability to colonise systems with very distinct characteristics. Moreover, several taxa in this study, including some of the most abundant, such as Oligochaeta and several Diptera families (e.g. Chironomidae), are considered as opportunistic, while others are stress tolerant species, namely H. diversicolor, A. segmentum and L. hookeri (Pearson and Rosenberg, 1978; Alba-Tercedor and Sánchez-Ortega, 1988; Grall and Glémarec, 1997; Borja et al., 2000) , and therefore benefit from the highly stressful conditions in this lagoon. Two main periods were distinguished in the last 30 years in the Santo André lagoon based on the macrobenthic community pattern identified by the multivariate analysis, a pre-and post-1980s period dominated by lagoonal and of marine origin taxa and the 80s dominated by lagoonal and continental taxa, reflecting the influence of the sea inlet opening. This pattern illustrates the role of the confinement, determined by the annual sea water renewal and the lagoon colonization by species of marine origin, which according to Guelorget and Perthuisot (1983) primarily determines the composition of biological communities in lagoonal ecosystems. In 1979/2010 community was characterized by Hediste diversicolor, Desdemona ornata (only on 2010), Cerastoderma spp., Abra segmentum, Hydrobia ulvae (only in 1979), Lekanesphaera hookeri and Chironomidae, while in the 1980s the benthic community was dominated by H. diversicolor, Potamopyrgus antipodarum, L. hookeri, Gammarus chevreuxi, Chironomidae, freshwater bryozoans and a great number of insect taxa. The latter period showed limnetic affinities and therefore marine species which cannot tolerate very low salinities (e.g. Polydora hoplura, Cyathura carinata and H. ulvae) were absent from the lagoon community.
Some differences were also registered between 1979 and 2010, namely the occurrence of Polydora ciliata, Polydora hoplura, Ceratonereis hircinicola and Mytilus galloprovinciallis in 1979 and Desdemona ornata, Alitta succinea and Scrobicularia plana in 2010. These differences are possibly related with the different patterns of reproduction of these species and their larval availability in the coastal area during lagoon opening (Zajac and Whitlatch, 1982) .
In general, higher insect taxa diversity occurred in the 1980s revealing some constraint for their settlement during years characterized by stronger sea water entrance in the lagoon. Some insect taxa are less tolerant to salinity increase (e.g. Coenagrion lindeni, Dasyhelea sp., Psychodidae, Anthomyidae) (GIII in CCA) (Piscart et al., 2005) and occurred only in 1984 when Santo André lagoon showed a pronounced limnetic state. The hydrozoa Cordylophora caspia was also observed only in the 1980s, confirming its "preference" for oligohaline conditions as observed by Muus (1967) .
The abundance and occurrence patterns of some of the most representative species in the lagoon community, namely Hydrobiidae and Gammarus chevreuxi, corroborate the previously mentioned differences between periods, but also the year-to-year variability. The distribution of Hydrobiidae (Hydrobia ulvae, Hydrobia ventrosa and Potamopyrgus antipodarum) was studied by Muus (1967) in Danish estuaries, which pointed out that these species have distinct demands concerning water movement and salinity. Hydrobia ulvae prefers a more continuous renewal of water and higher salinities, while H. ventrosa and P. antipodarum occur in quieter waters with lower salinities. This is consistent with this study since H. ulvae was confined to the samples collected in 1979 and 2010, although more abundant in the first year when salinities were higher, and was replaced by H. ventrosa and P. antipodarum in the 1980s when salinities were lower and less water renewal occurred. On the other hand, the amphipod G. chevreuxi was very abundant in the 1980s which was probably related with the increase in macrophytes biomass recorded for this period (Cancela da Fonseca, 1989) , since abundance peaks for this species are related with high food availability (Subida et al., 2005) . Fluctuations observed for this species could also be related to migration patterns, explaining the abundance decrease in 1984 and the disappearance from 2010 samples. This species migrates to freshwater areas in winter months (Subida et al., 2005) occurring in the brackish waters mainly during the reproduction periods (Dieleman, 1979) .
Benthic community structure in Santo André lagoon is characterized by the dominance of few species and low diversity, in accordance with the normally observed for these natural stressed systems (Elliott and Quintino, 2007) . In the first years of the non-opening period (82 and 83) an increase in the number of taxa, diversity and density occurred, comparatively to 1979, mainly driven by the lagoon colonization by freshwater species and the persistence of species of marine origin (e.g. Abra segmentum). Nevertheless, the maintenance of limnetic conditions in 1984 led to the disappearance of the species with marine affinity, and consequently a drastic decrease of those metrics was observed, revealing that inlet closure for long periods has negative effects on diversity (Desmond et al., 2002) . In 1985 the benthic community seemed to be evolving towards the situation observed in 1979, and in 2010 higher number of taxa, diversity and density were observed, emphasizing the fact that the annual connection with sea enables the lagoon colonization with species of marine origin. As stated for island systems, biological diversity in Santo André lagoon is a function of species immigration and extinction rates (MacArthur, 1972; Diamond and May, 1976) .
The results of this study highlight the importance of sediment type and depth as structuring factors for the benthic community. The number of taxa, density and diversity increased in higher depths and sandy bottoms, which are the prevailing conditions near the inlet opening. This is in agreement with patterns already identified by Cancela da Fonseca (1989) in this lagoon, showing a negative correlation between species diversity and the distance to the inlet opening. Additionally, this is the area with lowest organic enrichment in the lagoon, and therefore an increase in the number of species is expected (Pearson and Rosenberg, 1978) , as well as an increase in diversity as described for the Orbetello lagoon (Lardicci and Rossi, 1998) .
The application of the marine biotic index AMBI to the Santo André lagoon macrobenthic community in the studied period, showed that the system ranged from a meanly polluted condition in the years when an effective sea connection occurred, to a slightly polluted condition in the non-opening period. In the former period, a clear dominance of taxa assigned to ecological group III was observed, comprising species that are tolerant to organic enrichment (Grall and Glémarec, 1997) and their dominance is considered characteristic of estuarine communities from sites with organic matter inputs (Borja et al., 2000) . In the second period, though the lagoon has been in a more eutrophic state its salinity gradient favoured the presence of Cordylophora caspia and Gammarus chevreuxi, which are sensitive species, typical from undisturbed conditions, the last being one of the dominant species in the 1980s. Considering that Santo André lagoon is included in the Portuguese Network of Protected Areas since 2000, and that the main human pressures have been reduced, an improvement or at least the maintenance of the benthic condition would be expected in 2010 rather than the observed decrease. Similarly to what was found by Chainho et al. (2007) in the Mondego estuary, it seems that Margalef and ShannoneWiener indices respond better to the environmental changes in the lagoon than AMBI. On the other hand, GLM reveals that precipitation was the factor that better explained the AMBI trend, with rainy years showing lower benthic condition. Since freshwater is the main source of nutrients and raw materials for lagoon ecosystems, the increase in precipitation is expected to decrease lagoon environmental condition.
Although methods to assess quality using benthic communities have already been established in the scope of the WFD, the choice of indices and reference conditions considering the variety of coastal and transitional ecosystems in Europe have been discussed by several authors (Quintino et al., 2006; Chainho et al., 2007; Dauvin, 2007; Pinto et al., 2009; Borja et al., 2011) . These authors recognize that a single benthic index should be applied carefully, attending to different sensitivity of species to anthropogenic disturbance, and acknowledge that a benthic index is unlikely to be universally applicable, since organisms are not equally sensitive to natural and anthropogenic disturbance and thus are likely to respond differently to different types of disturbance. Since reference conditions are not defined for the mesotidal semi-enclosed lagoon typology, in which Santo André was classified in the scope of WFD, the present assessment of Santo André lagoon benthic condition should be regarded with caution. First of all because the robustness of AMBI index is reduced when only a very low number of taxa (1e3) and/or individuals are found in a sample (Borja et al., 2004) , or in areas with strong salinity gradients (Zettler et al., 2007) , such as observed in the Santo André lagoon. Additionally, there is a lack of consistent monitoring of the benthic community of Santo André lagoon as well as insufficient ecological information on most of the lagoonal species and their responses to physical and anthropogenic stress. Therefore, the assessment of the ecological status of the Santo André lagoon using the methods proposed for Portuguese transitional waters requires adaptations that account for specific characteristics of coastal lagoons. These adaptations might include (i) the exclusion of metrics that do not show predictable responses to human induced stress, (ii) the definition of habitat type specific reference conditions and (iii) the selection of specific environmental conditions related to the lagoon opening regime for benthic monitoring.
Conclusions
The present study showed that major patterns identified on macroinvertebrate communities of a land-locked coastal lagoon are mainly related to physical factors such as depth and sediment, which are directly related to the distance from the inlet opening. Additionally, inlet opening regime is also determinant for inter-annual changes observed on the benthic structure along the last 30 years.
Among Portuguese coastal lagoons, Santo André lagoon is one of the less disturbed lagoonal systems, since a considerable reduction on human pressures was implemented after its classification as a protected area. This improvement supports the use of this system to derive type specific reference conditions in the aim of the WFD. Nevertheless, in a very unpredictable and changing environment, with pronounced inter-annual and spatial differences, indices currently used to assess ecological status based on macrobenthic communities do not seem to be able to separate natural variations occurring in this enclosed lagoons from those resulting from human pressures, requiring further development/adaptation of the available assessment tools. 
